have to take this trend into consideration in policies ranging widely from industry and the regulatory system to development strategy.
There are widespread uncertainties in the trend, however, and one critical source of uncertainty is the outcome of international cooperation and negotiations. Owing to the accumulative, nonassimilative nature of GHG, as well as its characteristic as a public good, international cooperation is essential in response to climate change. Since the 1990s, eff orts to counter global warming have gradually intensifi ed worldwide, leading to the adoption of the United Nations Framework Convention on Climate Change (UNFCCC) in 1992 and its enforcement in 1994, followed by the adoption of the Kyoto protocol in 1997 and its enforcement in 2005 for the period up to 2012. Ongoing negotiations to build a post-2012 global climate regime include the Bali Action Plan in 2007 and the Cancun Agreement in 2010, among others. They have, however, left a number of issues unresolved, especially between developed and developing countries. Although some issues were settled in the Cancun Agreement, which incorporates major decisions taken at the time of the 2009 Copenhagen Accord, critical issues such as a mitigation target remain to be solved.
Another critical uncertainty is the development of "green technology," which will aff ect mitigation costs. The costs, in turn, will aff ect decisions about whether to adopt a mitigation policy and what the policy design should be. Firms may delay, or even give up, investments in essential technologies if success and profi tability seem doubtful. Public investment might be a solution, but any serious concern about policy failure might then create obstacles. This problem will probably be more critical in developing countries, in cases where technology is still at a lower level, although these countries could compete with developed ones in expanding green markets.
Facing the need for mitigation and the uncertainties surrounding it, the Korean government announced its Green Growth National Strategy in 2008, to be implemented according to the newly promulgated Framework Act on Low Carbon Green Growth. The purpose of this law is to harmonize the continued development of the national economy and enhancement of the quality of life, while at the same time fulfi lling the nation's international responsibilities for protecting the environment. In other words, the strategy aims at forming a virtuous circular structure of economic development, improvement of the environment, and participation in international cooperation.
It seems appropriate for the Korean government to take the task of the response to climate change more seriously, leaving out the issue of whether green growth can be a national strategy. Foremost of all, the Korean peninsula itself is already experiencing the impact of climate change.
According to the National Institute of Meteorological Research (NIMR) of Korea, the average temperature of the six biggest cities increased by 1.7 o C between 1912 and 2008, which is higher (even after taking urbanization eff ects into account) than the global average of 0.71-0.77 o C. NIMR also reported that, under the scenario of 720 ppm in 2050, the average temperature at the end of the twenty-fi rst century will be 4 o C higher than it was at the end of the twentieth century, and that the volume and volatility of precipitation would increase critically (NIMR 2009) .
The need for participation in the international mitigation framework is also increasing. Under the UNFCCC, Korea is not considered a developed country, is not in Annex I (the original list of 37 industrialized countries and economies in transition), and therefore is not responsible for fulfi lling the GHG emission reduction target to which Annex I countries are committed. However, taking the size of the Korean economy and its GHG emissions into account (see Table 1 .1), it is inevitable for Korea to take some mitigation actions, although such actions could be diff erent from those taken by the more developed countries.
In addition, an increasingly growing market for related industries highlights the need for active measures. Although there could be a debate on whether green technologies and green markets actually stimulate economic growth, the Korean government at least, facing a decline in the potential growth of the economy, seems to view them as a "new engine of growth." Various questions about coping with climate change, at both the global and the individual country levels, still remain. The most critical question is whether it is worthwhile to pursue climate change mitigation, if various uncertainties are considered. The answer to this question may be simple at the global level, but at the country level it could be quite complicated, owing to strategic considerations and political problems. If the answer is positive, more or less, the next question might be what is the best policy, or the best set of policies, to reduce GHG. Even though people may think that they know the best policy, how to implement it is a diff erent issue, given political and other constraints. Thus, the question of constraints against forming an effi cient mitigation framework would follow.
This book is arranged to answer these questions, both from the global perspective and from the standpoint of Korea. The authors do not pursue comprehensive answers for them, nor do they cover all relevant issues. Rather, the book attempts to address some critical issues, and each author presents a careful analysis of one such issue. These analyses provide at least some pieces of the puzzle as a contribution toward a more comprehensive picture.
The fi rst half of the book examines issues from general and global perspectives, focusing on the costs and benefi ts of climate change mitigation (Chapter 2), the experience of mitigation policy in Europe (Chapter 3), energy policy for mitigation (Chapter 4), political economy in response to climate change (Chapter 5), and potential confl ict between mitigation policy and the free trade framework (Chapter 6). The remaining chapters examine problems from the viewpoint of Korea, covering energy dependency and terms of trade (Chapter 7), energy policy (Chapter 8), and the GHG reduction policy of Korea (Chapter 9). We present an overview of each chapter here.
BENEFITS AND COSTS OF MITIGATION
Chapter 2 by Stephen Howes is motivated by the argument that the mitigation cost could be much larger than expected and thus could overwhelm the benefi ts by holding back economic growth. The main question that the author raises is whether the estimates of the mitigation costs in standard modeling exercises are underestimated, but his analysis provides broader outlines for the benefi ts and the costs of mitigation.
The estimates of global mitigation costs surveyed by the chapter range from 1 percent to 4 percent of global output in 2050, depending mainly on the modeling method and the stabilization target of the atmospheric concentration of GHG. The costs in this range are modest, corresponding to 0.02-0.10 percentage point of annual average growth decline, or 4 to 17 months of growth delay. The author argues that these estimates are certainly suffi cient to justify even a stringent mitigation target. His next question is therefore whether these estimates are reliable.
Howes examines several factors that potentially cause underestimation of the mitigation costs. He fi rst notes that the cost of mitigation might be overestimated, as it stimulates growth through the fi rst-mover advantage or investment and innovation. However, the gain is very uncertain, and industrial policies to pursue the fi rst-mover advantage could merely add further costs. Second, transitional and distributional costs of mitigation would increase the political costs. This may raise the need for structural adjustment programs to accompany mitigation policy. But it does not lead to an underestimation of costs nor to a reduction in the need for mitigation. Third, incomplete participation in the global mitigation framework may increase the overall cost, owing to the limitations of the emissions trading systems, and will reduce the global environmental benefi t as a result of "carbon leakage." The eff ect on the domestic cost of mitigation is ambiguous, however, since it depends on feedback from global mitigation to the domestic economy. The actual problem arising from incomplete participation is that it discourages mitigation eff orts by participating countries.
The most critical causes of the underestimation of the costs, the author argues, are poor policies and diff erences between the costs at global and national levels. Recent experience shows that policymakers may choose ineffi cient policy options. The additional costs from policy errors should be a cause for alarm, even after taking into consideration the fi rst-mover advantage and multiple market failures inherent in climate change mitigation. The author also emphasizes that decisions to mitigate are made at the national level. In the globally effi cient mitigation framework, the mitigation costs vary across countries, owing mainly to the diff erences in current emission intensities. The cost is mostly higher in developing countries, but it is unlikely that those countries can achieve GHG reductions without appropriate compensatory transfers.
Howes concludes that the national costs of mitigation may well lie above the estimated range in standard modeling exercises. Still, he argues that these factors do not reduce the need for the mitigation, while they could discourage the eff orts for it. Rather, what is needed is to reduce the cost and to enhance the environmental return, by designing effi cient policies and by assisting developing countries with transfers. 
THE DESIGN OF MITIGATION POLICY
What does an effi cient mitigation policy look like? Under the Kyoto protocol, a fl exible mechanism composed of an emissions trading scheme (ETS), joint implementation (JI), and a clean development mechanism (CDM) has been proposed as a cost-eff ective means of mitigation. In the mechanism, ETS is the main policy instrument, in that it is directly connected to the emissions reduction target. Up to now, only the European Union has operated an ETS, and its experience provides valuable lessons for the design of effi cient mitigation policies by other countries. Chapter 3 by Jos Sijm reviews and evaluates the pilot phase (2005-07) of the EU ETS.
Sijm summarizes major features of the EU ETS from the pilot phase to the second trading period . He discusses its cap-and-trade system, unrestricted intraperiod banking and borrowing, the interperiod ban on banking, limited participation in specifi c sectors, free allocation of emissions allowances, linking JI and CDM credits to the EU ETS, and the operation of the EU ETS registry system. He also surveys a number of studies about the eff ect of the scheme on emissions reduction, economic growth, industrial competitiveness, the development of a trading market, excessive allocation, and carbon leakage.
The pilot period of the EU ETS revealed several problems resulting from its allocation system, contrary to the theoretical prediction that the cap-and-trade system is capable of achieving cost effi ciency, regardless of the allowance allocation method. The decentralized structure of the decisionmaking with almost all free allocation, in addition to relatively short allocation and trading periods, led to ineffi cient allocation of the emissions reduction target between the ETS and the non-ETS sectors, a race to the bottom, distortion of equity and competition, windfall profi ts, distortion of incentives for investments in emissions facilities, rent-seeking behavior, and growing uncertainty. Even so, the author argues that, despite a certain degree of excessive allocation during this period, GHG indeed appears to have been reduced. In addition, contrary to arguments that the system could hinder economic growth, degrade the competitiveness of several industries, and trigger carbon leakage, there has been no evidence to support these concerns. Furthermore, despite high price volatility in this period, the emissions trading market grew and expanded remarkably, succeeded in the establishment of the market infrastructure, and encouraged the development of the JI and CDM market.
Based on the lessons and experience from the fi rst phase, the EU ETS is expected to seek institutional improvements after 2012, such as stricter and unifi ed allowance allocation, integrated regulations on allocation, expansion of auction allocation, and extension of coverage and trading periods. Sijm concludes that, despite its defects, the initial phase of the EU ETS can be assessed as successful, in that it laid a foundation for subsequent institutional improvements. More importantly, it established a cultural change that made this new institution more acceptable, and it internalized the carbon price into economic decisionmaking. The energy sector, owing mainly to its large share of GHG emissions, is of key importance in fulfi lling the reduction target. In addition, it has policy goals other than mitigation (energy security being a notable one) and has a distinctive industrial and capital structure. For these reasons, special attention is given to the energy sector in designing a mitigation policy. Do we need a separate energy policy for mitigation in addition to the market based emissions policy such as the ETS? If so, what kinds of policy measures are needed? Richard Bradley addresses this issue in Chapter 4.
Chapter 4 begins with the examination of the proposed emissions reduction target. The goal of stabilizing the GHG concentration at 450 ppm implies that net GHG emissions should peak and start to decline before 2020. This requires a radical change in the current energy infrastructure, including everything related to energy consumption. Considering, however, the lifetime of the capital composing the current energy infrastructure, it may not be easy for investors to expect a rapid transformation of the current capital structure.
Bradley argues that, recognizing such diffi culties, it is more important to map out practical policies that contain an incentive system to drive longterm change, while setting the minimum cost as a target at the present. He suggests three elements to consider for planning such practical policies. First, it is necessary to focus on an energy effi ciency policy, considering its cost merit and its immediate impact on fi nal energy consumption. Second, the focus of the international discussion as to emissions control needs to be on major emitters and emissions sources, which is transitory in nature. For the present, confi ning the scope of the emissions control group to major emitters simplifi es pending problems, thereby contributing to the process of reaching a global agreement, and also works eff ectively in terms of environmental protection. Furthermore, considering the huge share of electricity generation in the GHG emissions, it may also be possible to confi ne the emissions control sector to electricity generation. Lastly, without the development of new technology, it will be impossible to reach the stabilization target of 450 ppm. This highlights the need for eff orts to increase research, development, and demonstration (RD&D) in the public sector, which has been stagnant since the early 1990s. In this regard, intergovernment cooperation at the early R&D stage (before the market competition) 
CONSTRAINTS AGAINST EFFICIENT MITIGATION POLICY
Many factors are involved in climate change and its mitigation, and some of them could actually aff ect the design of mitigation policies. A policy that is effi cient in the mitigation policy framework could confl ict with other rules in the economy. More importantly, confl icts of interest among stakeholders and resulting politics could be hurdles to the design of efficient and equitable policies, as already noted in Chapter 2. Two chapters discuss some of the factors constraining policy design. In Chapter 5, Lawrence Rothenberg reviews the political economy of climate change at both the international and the national levels. As is well known, the principle of policy solutions for climate change is to make the producers of GHG pay for the costs of their actions. Besides this straightforward principle, there have been so far a number of eff orts searching for global collective action and advances in green technologies, providing reasons to be optimistic about our ability to deal with this problem eff ectively. Rothenberg emphasizes, however, that formulating an eff ective global solution and refl ecting it back to domestic policies for implementation is not an easy task in reality. As a result, the atmospheric concentration of GHG continues to rise at an alarming rate.
Rothenberg addresses some key factors related to the political economy of climate change. First, the nature of "climate" or "climate change mitigation" as public goods (in particular, nonexclusion) creates conditions that make it diffi cult to produce incentives for participation, either by a state or by an individual economic player, in sharing the burden instead of pursuing a "free ride" strategy. Second, advanced economies and developing countries are placed in diff erent positions regarding potential damages from climate change and the domestic demand for a solution to them. To draw developing countries toward international cooperation for climate change mitigation requires wealth transfers from advanced economies, of the sort that China has been advocating. But it is very diffi cult to expect political leaders of advanced economies to adopt and carry out such policies in their own countries. Their political life depends more on economic growth than on environment. Meanwhile, implementing policies for climate change mitigation, as a way to avoid such a situation, would often cause problems of time consistency and credibility.
Rothenberg suggests that, in order to overcome these political-economic problems, it is necessary for the citizens to be convinced that climate change is real and that climate change mitigation is of considerable personal importance. In addition, political leaders should refl ect any international agreement, such as a post-Kyoto protocol, in their domestic policies in a time-consistent manner. Finally, it is essential for the international community to establish an effi cient cooperation and monitoring system.
ZhongXiang Zhang in Chapter 6 considers the relationship between mitigation policy and free trade rules, including the potential confl icts and synergies between them. In the current international cooperation framework, the regulation of GHG emissions varies across countries. This disparity is expected to continue for the time being, and it could result in carbon leakage owing to diff erences in production costs. Furthermore, political pressure would likely be exerted by industries subject to the regulations, because of worries about weakened industrial competitiveness.
Several measures to deal with the disparity have been proposed, and one of them is a border adjustment. In the United States, border adjustment measures in the form of emissions allowance requirements (EAR) are included under the proposed cap-and-trade regime. The author argues that these are the most concrete, unilateral trade measures for leveling the carbon playing fi eld. Under EAR, importers are required to acquire and surrender emissions allowances for goods from countries that have not taken climate actions. The question raised is whether such measures could disturb the world trade order and trigger a trade war.
Zhang focuses on the legality of unilateral EAR under World Trade Organization (WTO) rules. He views border adjustment measures as essential, if regulations on GHG emissions are to be adopted in U.S. legislation. He argues, however, that a confl ict between the trade and mitigation regimes could harm both regimes. Therefore, in designing such measures, the United States needs to scrutinize potential confl icts with WTO rules carefully, to make the U.S. legislation comply with the rules. He also suggests that the United States needs to explore cooperative sectoral approaches at an international level.
In addition, the author provides suggestions both for the United States and for its developing-country trade partners. On the U.S. side, for a successful WTO defense of the border adjustment provision, there should be a period of good faith eff orts, to reach agreements with the countries concerned, before imposing such trade measures. Second, alternative options, with similar functions but less inconsistent with WTO provisions, should be considered. Finally, submissions by importers of alternative but equivalent emissions reduction units should be allowed. On the side of developing countries targeted by the measures, they should utilize the 
RESPONSE OF KOREA TO CLIMATE CHANGE
The fi nal three chapters consider the issues of climate change and mitigation from the standpoint of Korea. The discussion about climate change began in earnest in Korea after the government announced its Green Growth National Strategy. Many policy options have been reviewed under the framework of the strategy, and some of them have already been implemented. There are, however, many remaining challenges. Some people still raise the question of why Korea should take active mitigation action, in a situation where Korea does not belong to the developed country group in the UNFCCC and where the future of international negotiations is uncertain. In terms of policy design, there are concerns whether market based policy tools adopted in developed countries would work properly in Korea. In Chapter 7, Chin Hee Hahn and Sung-Hyun Ryu approach the need for the green growth strategy from a new angle: an economic viewpoint rather than an environmental one. Their attention is on the decline in terms of trade in Korea since the mid-1990s. They examine the causes of the decline using the decomposition method and regression analyses.
Their decomposition exercise fi nds that Korea's terms of trade have declined mainly owing to the goods price eff ect resulting from the rise of oil prices relative to prices of manufactured products. This phenomenon is commonly observed in many countries since the mid-1990s. In addition, their regression results also suggest that China's trade expansion contributed to the decline by raising the prices of oil and raw materials, while lowering the prices of manufactured products.
The empirical fi ndings in this chapter provide some support for the green growth strategy. Korea is well known for its highly energydependent economic structure. Most of its energy, moreover, is imported. Taking this into consideration, the fi ndings of the chapter imply that Korea's terms-of-trade decline might persist if economic growth continues in developing countries, especially China, and if Korea clings to its current economic structure. Thus, Korea needs a policy framework to lower its energy dependency, to reduce the external dependency of the economy, and to diff erentiate its export products from those of China. Innovative policies under the green growth strategy may therefore bring additional benefi ts by helping to change the economic structure.
Chapter 8 by Jin-Gyu Oh outlines and evaluates the policy framework in the initial stage of Korea's low-carbon green growth strategy, focusing on energy policy. He fi rst examines the current state of aff airs in terms of the nation's GHG inventory and energy-related CO 2 emissions in detail. According to the data, the energy sector was by far the most signifi cant emitter, accounting for 84 percent of total GHG emissions. Among emissions from fossil fuel combustion, the electricity generation sector (at 36.1 percent) and the industrial sector (at 31.7 percent) have the largest shares. He then presents the long-term outlook for energy consumption and CO 2 emissions up to 2030, with projections of increases in both. Energy intensity (energy consumption per unit of GDP), carbon intensity (CO 2 emissions per unit of GDP), and CO 2 emissions per unit of energy consumption are projected to decline, implying that energy effi ciency and carbon effi ciency are expected to improve. The results appear to come mainly from the assumption that the shares of energy-intensive sectors in manufacturing will decline.
The analysis in Chapter 8 shows that the trend in Korea is toward a lower carbon economy. But it is obvious that more eff orts are necessary for the mitigation of climate change. Oh identifi es two tasks for energy policy: the fi rst is to lower carbon intensity by shifting the energy mix, and the second is to lower energy intensity by improving energy effi ciency. The Korean government has already adopted, or is planning to adopt, policies for those purposes, including policies for developing green technology, energy effi ciency programs, demand side management programs, promotion of energy effi cient vehicles, and policies for nuclear power generation and renewable sources of energy.
The author points out, however, that there are many challenges to achieving these goals. First, in the shift of the energy mix, it will be necessary to gain public acceptance of nuclear power and technology development in the renewable energy sector. Second, current policies for the improvement of energy effi ciency rely largely on regulatory measures rather than market based measures. In addition, current price regulation, which keeps prices lower than their costs, hinders eff orts to promote more effi cient energy consumption. The author recommends greater utilization of the price mechanism and reconsideration of energy pricing policies.
In Chapter 9, Kyoung-Soo Yoon and Min-Kyu Song discuss mitigation policy tools in Korea, in particular the ETS, beginning with the issue of policy mix. They argue that market based policies are superior, by inducing an effi cient balance of input-substitution cost, reduction of abatement cost, and output-substitution cost. However, they also note that it may be inevitable, in the actual reduction policies, to combine multiple policy instruments, owing to multiple market failure factors and political constraints. But even in this case, it will be necessary to closely monitor the interaction between policy instruments, as a means of avoiding double regulation problems and also ensuring a comprehensive policy in order to prevent carbon leakage. As illustrated in Chapter 8 in detail, many policies are proposed for similar policy objectives in Korea. For this reason, designing an effi cient set of policy instruments will be critical to minimize the mitigation cost. The chapter then addresses a few issues about the design of the ETS in Korea. First, concerning the allocation of tradeable permits, the authors argue that auction allocation is superior in terms of allocative effi ciency, macroeconomic effi ciency, and equity. However, considering the compensation for the decline in corporate value and for the policy acceptability during the initial adoption period, a gradual increase of the portion of auctioning from mostly free allocation may be desirable. Second, special attention should be paid to the power sector in Korea, because of the high market concentration, the cost based pool system in the wholesale market, and price regulation for electricity. It is probable that ETS in the power sector will not work properly because the emissions cost will not be effi ciently passed through to the consumer price, especially when the free permit allocation system is adopted. To avoid such a problem, the government might consider applying a carbon tax to the power sector, or adopting a pricing scheme that links the consumer price to the permit price.
The chapter then discusses the design of a permit trading market. Unless the Korean carbon market is connected directly to outside big markets such as the EU ETS, it is expected that the market will be very thin, especially in the initial period. Under these circumstances, the market should be designed for effi cient price discovery and provided with risk management tools, to keep the volatility of prices low. Taking these factors into account, the authors emphasize that balances between transparency and anonymity and between the exchange and the over-the-counter markets should be pursued. They further recommend predictable reduction targets over time, active derivatives markets, and possible additions of a central clearing house (the central counter party or CCP system) and carbon central banking.
Climate change is a global, long-lasting phenomenon that the world must cope with in the twenty-fi rst century. The authors in this book assert in common that responding to it is inevitable, but also acknowledge that there are many diffi culties and large uncertainties. During the past two decades, many countries have made great strides toward the goal of mitigating climate change, but these were just the fi rst steps in a long journey. Much more experience is needed in order to develop policies that are cost eff ective and acceptable, especially for developing countries and 
